Abstract. In this paper, a novel direct learning digital predistortion (DPD) relied on gradient-based algorithm to identify the model of power amplifier (PA) is proposed. Unlike the conventional DPD introducing an inevitable calculation error in model identification, the proposed method accurately calculates the predistortion function by constructing a univariate polynomial and finding its roots to obtain the accurate value of the DPD function, which linearizes the PA more precisely. Simulations show that the proposed linearization scheme outperforms the conventional DPD in the normalized mean square error (NMSE) performance, and the adjacent channel leakage ratio (ACLR) performance as well.
Introduction
In modern wireless communication systems, the power amplifier (PA) is an essential component of base station. However, due to the limitation of such non-ideal electronic component, it introduces nonlinearity to the system, resulting in the spectrum broadening and adjacent channel interference. To cope with this problem, digital predistortion (DPD) is the most promising technique among various solutions proposed in [1] - [3] . As a result, the nonlinearity of PA is suppressed when PA works near the saturation point, thus achieving high efficiency.
There are two categories of DPD structures in general, namely indirect learning structure and direct learning structure. The parameters of the predistorter in the indirect learning structure are obtained by using the PA output signal as an input to the postdistorter [4] . But the disadvantages of this structure is that the adaptive algorithm would converge to the offset value due to the channel noise when measuring the output signal [5] . In the direct learning structure, the DPD function is calculated by reverse the PA model [6] . The PA is first modeled by the memory polynomial. Then, the DPD function is obtained by using a recursive algorithm to calculate the reverse function of this memory polynomial. But the performance of this method is sensitive to the calculation error, which derives from the approximations in the recursive algorithm.
A new method for obtaining the DPD function in direct learning structure is proposed in this paper. The PA model based on a memory-less polynomial is first extracted by the gradient-based algorithm. Unlike the approximations in [6] and [7] , the DPD function is calculated by constructing a univariate polynomial of high degree and finding its real zeros. Simulations show that the proposed scheme outperforms the conventional DPD in the normalized mean square error (NMSE) performance and the adjacent channel leakage ratio (ACLR) performance.
Systematic Scheme
The system model of the direct learning DPD structure is shown in Figure 1 , where the PA is first modeled by the input and output of the PA, i.e., () xn and () yn . First, the PA is modeled as the memory-less (ML) model [9] , i.e.,
where K is the order of nonlinearity. Considering
where
Assembling N groups of data, (2) can be rewritten in the matrix form as
where The parameter estimation in (3), can be derived by adopting a gradient-based algorithm as 
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from last iteration.
Derivation of the DPD Function
By reversing the function of PA model () f , the DPD function is calculated. First, x(n) can be expressed in terms of signal () yn , the module of input signal | ( ) | xn , the estimated parameter Ŵ , i.e., 
where the nonlinear order with K=5 is enough to describe the distortion [9] , and Notice that () yn is equal to the input of DPD () un under the predistortion of an ideal DPD [6] , thus the output of DPD function can be described as
From (6) we know that () xn is in terms of | ( ) | xn and () un when Ŵ has already been estimated by the gradient-based algorithm. In this way, the value of | ( ) | xn should be known before we calculate () xn to get the reverse function. Taking the module of both sides in (6), we have 
Numerical and Simulation Results
The simulations are performed to evaluate our algorithm. In the simulations, we use a 100MHz LTE-advanced signal with 5 component carriers. The memory-less polynomial is used to represent the real PA [8] , with nonlinearity order 5 K .
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Method in [6] 10 -15 The calculation error in amplitude is presented in Figure 2 , which presents our method is about 11 1 10 in calculation error and significantly smaller than algorithms in [6] and [7] . Meanwhile, the proposed algorithm achieves better performance in reduce the NMSE which declines with the PA modeling error as shown in Figure 3 . In Figure 4 , the ACLR performance is also presented. It reveals that our DPD algorithm offers 38dB reduction in ACLR performance which is better than algorithm in [6] at least 5.8dB. At the same time, the spectral regrowth reduction with the proposed algorithm is also obvious, showing an effective nonlinearity compensation for PA. 
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Summary
In this paper, the DPD function is accurately calculated by constructing a univariate polynomial of and finding its real roots. Although the proposed method requires some additional calculations, it can compensate for the nonlinearity of the PA more precisely. Simulation results show that the algorithm proposed in this paper can compensate the PA nonlinearity more effectively and thus outperform the conventional algorithm in both the NMSE and ACLR performance.
